Although much health services research has been conducted using national health insurance claims data in Korea, the validity of this method has not been ascertained. The objective of this study was to validate the use of claims data for health services research by comparing incidence rate of cancers found using insurance claims data against rates of the national cancer registry of Korea. An algorithm to estimate incidence rates using claims data was developed and applied. The claims data from 2005-2008 were acquired and the patients admitted to hospitals due to cancer in 2008 without admission to hospital from 2005-2007 by the same diagnosis code were regarded as incident cases. The acquired results were compared with the values from the National Cancer Registry of Korea. The incidence rate of all cancers found using claims data was 363.1 per 100,000 people, which is very similar to the 361.9 per 100,000 rate of the national cancer registry. Also the age-, gender-and disease-specific rates between the two data sources were similar. Therefore, national health insurance claims data may be a worthwhile resource for health services research if appropriate algorithms are applied, especially considering the cost effectiveness of this method.
Introduction
Korea has a social health insurance system in which the National Health Insurance Corporation (NHIC) is an exclusive provider of social health insurance (Lee et al., 2008; Oh et al., 2011) . The NHIC and complementary medical aid program of Korea have achieved a status of universal health services coverage for Korea (Lee et al., 2008; Jeong, 2011) . The insurance claims of both the NHIC and complementary medical aid are paid by the NHIC, so the claims data from the NHIC are representative of medical service usage throughout Korea (Oh et al., 2011) .
But although the NHIC claims data cover almost the entire Korean population, the main purpose for these claims data is for reimbursement (Riley, 2009; Cheng et al., 2011; Oh et al., 2011) . Also it is known that identifying an epidemiologic parameter such as the incident rate of diseases by using claims data is difficult (Riley, 2009) . Therefore various algorithms have been developed and applied for the use of health services research to cover these shortcomings 2011; Park et al., 2006; Yoon et al., 2007; Kim et al., 2008; Oh et al., 2011) . Previous studies have used NHIC claims for the study of medical cost, incidence rates, and the prevalence of disease in the Korean population 2011; Park et al., 2006; Yoon et al., 2007; Kim et al., 2008; Oh et al., 2011) . For example, Lee et al. (2006) determined the incidence of cancer cases using data reflecting the utilization of medical services in a specific year without usage of these medical services during the previous three years. NHIC claims data have been used for the purpose of scientific and clinical research, but there is a paucity of research rigorously assessing the validity of this practice (Lee et al., 2002) .
The Korean Ministry of Health and Welfare has had a hospital-based cancer registry system (Korea Central Cancer Registry, KCCR) since 1980 (Shin et al., 2005 , Lee et al., 2010 . In 2002, the Korea National Cancer Incidence Database (KNCIDB) was constructed merging the KCCR and other population data bases. Because the KNCIDB data reflected mostly hospital data, the cancer cases in this database were mostly confirmed by a physician, suggesting a fairly high accuracy of diagnosis. Other population data such as death certificate also are used as a supplementary data for covering the cancer patients who did not use medical service. This national cancer registry is used as an official source of national cancer data in Korea (Shin et al., 2005; Jung et al., 2010) , and was also included in the Cancer Incidence in Five Continents Volume IX (Curado et al., 2008) .
Cancer is the most prominent cause of burden in Korea (Yoon et al., 2007) , accounting for 1,525 disability-adjusted life years (DALY) per 100,000 annually. The national cancer registry offers nationwide data on cancer incidence that is not available for other diseases. Therefore, the KNCIDB could be regarded as an accurate standard for cancer statistics, although the cancer registry is not flawless (Miller et al., 2009) . By comparing the cancer incidence of the KNCIDB and claims data for the NHIC, the validity of using claims data for health services research could be examined (Nattinger et al., 2004; Miller et al., 2009; Cheng et al., 2011) . If the accuracy of claims data in terms of cancer statistics was found to be substantial, then the use of claims data for the study of other diseases could also be considered valid. The aim of this study was to investigate the incidence of cancer using two different datasets, the KNCIDB and NHIC claims. Differences in these two datasets by cancer type and age were also examined.
Materials and Methods
This study compared NHIC claims data and KNCIDB registry data in Korea for cancer. The incidence rate of cancer was estimated using NHIC claims data and a variation of an algorithm we developed previously (Yoon et al., 2007; Cheng et al., 2011) . Similar algorithms have been used to estimate epidemiologic parameters for various diseases in previous studies (Kim et al., 2008; Lee et al., 2011; Oh et al., 2012) . All cancers were divided into different disease groups according to the international classification of diseases (ICD)-10 diagnosis code groups (WHO, 2012) . The groups included lip, oral cavity and pharynx (C00-C14), esophagus (C15), gastric (C16), colon and rectum (C18-C21), liver (C22), pancreas (C25), lung (C33-C34), breast (C50), cervix uteri (C53), corpus uteri (C54), ovary (C56), prostate (C61), bladder (C67), and leukemia (C91-C95). Any other cancers were categorized as "other cancers." When there were multiple reasons for medical service use, the principle cause was used for the classification. For the incidence calculation, following algorithm was applied. First, the patients who admitted the hospital for cancer (C00-C97) in 2008 were selected by using NHIC claims data. Considering the characteristics of cancer, only the hospital admission cases were included for this study. After that, the NHIC claims data of the selected patients diagnosed during 2005-2007 were acquired to determine incident cases. Any patients admitted to the hospital were excluded because these cases were not considered to reflect cancer incidence for 2008. Disease-specific cancer incidence rates were measured, and total incidence rates were estimated by summing the disease-specific cancer incidence rates. The midyear population for 2008 was used to calculate crude incidence rates. The midyear population is also used in KNCIDB data (Curado et al., 2008; KSIS, 2008) . Age-specific incidence rates were measured for 18 age groups (0-4, 5-9, ….., 85 and older) for all cancers and disease-specific incidence rates were determined for 8 age groups (0-9, 10-19,….. 70 and older). These cancer incidence rates calculated from the NHIC claims data were compared with the KNCIDB's cancer incidence rate for 2008 . Cancer rates categorized by age, gender and disease were compared by their ICD code group. Every disease's ICD code was identical for both datasets. All statistical analyses were performed using SAS 9.2 (SAS Institute Inc., Cary, NC, USA).
Results
The number of cases and incidence rates of cancer in Korea for 2008 determined using NHIC claims data are presented in Table 1 . There were 179,413 estimated cases in 2008, and the incidence rate for all cancer was 363.1 per 100,000 people, 375.5 in 100,000 for males and 350.8 in 100,000 for females. Among the cancer types, the incidence rate of stomach cancer was found to be the highest in Korea with an incidence rate of 72.5 in 100,000 for males, 35.2 in 100,000 for females and 53.9 in 100,000 for the total population. Colon and rectum cancer (42.3 per 100,000), lung cancer (34.6 per 100,000), liver cancer (30.6 per 100,000) and breast cancer (26.3 per 100,000) followed. Among the various cancers, stomach cancer was the leading cause for males, whereas breast cancer was the leading cause for females by incidence (52.4 per 100,000).
The comparison with the results from NHIC claims data to those from KNCIDB data is also shown in Table  1 . The incidence rate of cancers from KNCIDB data was found to be 361.9 per 100,000 people, 375.7 in 100,000 for males and 348.1 in 100,000 for females. The two data sets were found to provide similar values for the incidence of cancer (363.1 in 100,000 versus 361.9 in 100,000), although the incidence rates for males was found to be slightly higher when using the KNCIDB data, and the incidence rate for females was higher with the NHIC claims data. The breakdown for the frequencies for the various types of cancer was also found to be similar for both the NHIC claims data and KNCIDB data. Stomach cancer was the most common with the 1 per 100,000) . When compared to the NHIC claims data, the incidence rates for these most common diseases, except breast cancer, were higher with the KNCIDB data. Age-specific incident cases and rates are shown in Table 2 . NHIC claims data, the overall incidence rate is generally increasing with ages except 0-4 and 85 and older age group. The number of cancer cases increased sharply beginning with age groups in the forties and was highest in the 65-69 age group for the NHIC data. The incidence rate was highest in the 80-84 age group due to the relatively small population of this age group. KNCIDB data showed a similar pattern to the NHIC claims data. The incidence rate was highest in the 80-84 age group and lowest in the 5-9 age group. When compared to the KNCIDB claims data, the incidence rate determined using NHIC claims data was higher in the 70 years and older age groups.
The age-and disease-specific cancer incidence rates for the five most common cancers are displayed in Table  3 . In cases of stomach cancer, from 30-39 age group to older age groups, the incidence rate from KNCIDB is relatively higher than that of NHIC claims data, though the difference is quite small. In the case of colon and rectum cancer, the incidence rate from KNCIDB was greater than that found with NHIC claims from 20-29 age group. A similar trend was also noted in lung cancer. The difference in lung cancer incidence between the results found by the KNCIDB data and NHIC claims data in patients 70 years and older age group was 28.5 per 100,000 people. The two different data sources yielded similar incidence rates for liver and pancreas cancers.
Discussion
In this study, the incidence rates of cancer in 2008 determined using two different data sources, NHIC claims data and the KNCIDB registry, were compared to examine the validity of using claims data in health services research. As a result, the overall rates using the two data are quite similar. The incidence rate of all cancers using NHIC claims data was estimated to be 363.1 per 100,000 people when the algorithms we developed was applied and 361.9 per 100,000 using the KNCIDB. In the most common cancers, which are stomach, colon and rectum, lung, liver and breast, the rates of incidence by age and gender were found to be similar for both data sources.
Though overall feature of incidence rate is similar between two data sources, some difference is still observed. Various reasons could affect theses result apart from the inaccuracy of algorithm used. For instance, when a patient uses medical care for cancer test and the result was negative finding, if a diagnosis code of claims data is not changed and still remained as cancer code, this could result in differences. Also one of characteristics of incidence pattern is the difference between genders. Namely, the incidence rate of women's disease such as breast, cervix, and ovary cancer was higher in NHIC claims data, but the incidence rate of prostate cancer was higher in the KNCIDB data. Because NHIC claims data is based on the use of medical services, whereas the KNCIDB is based on hospital data in addition to death certificates, women's greater usage of medical services could be the reason for these differences (Ladwig et al., 2000) .
In Korea, many health services studies are conducted using NHIC claims data (Lee et al., 2002; 2011; Park et al., 2006; Yoon et al., 2007; Kim et al., 2008; Oh et al., 2011 , Shin et al., 2012 . At the same time, the validity of NHIC claims data, especially the accuracy of diagnosis code had has been debated. Lee et al. compared NHIC claims data and the Kwangju Cancer Registry to estimate the sensitivity of claims data in 1998-1999. In their study, the overall sensitivity for cancer cases was 92.8% (Lee et al., 2002) . Another study compared claims data to the medical records of one hospital and found the claims estimated disease correctly in 85% of cases (Ahn, 2002) . These studies showed that the ICD code in claims records has a substantial reliability to use for health services research. In the present study, NHIC claims data were used to find incidence rates using our algorithm, and the rates we discovered using the NHIC data were consistent with values found using the Korean National Cancer Registry.
Claims data has been used for health services research in countries than Korea, such as Taiwan. In Taiwan, which is a country with national health insurance coverage of 99% of the population (Lee et al., 2008; Cheng et al., 2011) , a study comparing the national health insurance research database and medical records was conducted. They conclude that the national health insurance research database is a valid resource for research due to high accuracy. Even in America, which does not have a universal coverage, various algorithms have been used to validate the usage of claims data (Nattinger. et al., 2004; Penberthy et al., 2005; Miller et al., 2009; Riley, 2009) . For example, Medicare claims records, the Surveillance, Epidemiology, and End Results (SEER) Program, and clinical operative reports were compared to classify kidney cancer surgeries (Miller et al., 2009 ). The algorithm they studied showed that claims records agreed with clinical operative reports in 97% of cases. Another study compared Medicare data with a state cancer registry to identify the incidence of cancer cases (Nattinger et al., 2004) . The overall sensitivity ranged from 51-94% based on the algorithms they used to identify breast cancer cases. This study concluded that Medicare data could be a supplement for the disease registry. Another study examined the algorithm developed to detect the incidence of breast cancer using Medicare claims data (Penberthy et al., 2005) . Their developed algorithm showed a sensitivity of 80%, suggesting that Medicare claims data is useful in health services research. Considering the high similarity between the numbers of incident cases identified using claims data and the KNCIDB in the present study, we can conclude that the claims data is a valuable resource for health services research and the algorithm that we developed and used could be validated. Furthermore, the use of claims data to estimate the incidence of other diseases could be worthwhile, especially considering the low cost of this method.
Some limitations should be considered. First, this study did not estimate the accuracy of claims data at an individual level. Because this study compared the incidence of group between two data sources because of unavailability of KNCIDB individual data, individual level comparisons could not be made. Also, because some cancers such as testis, kidney, bladder cancer and lymphoma were classified as "other cancers" in this algorithm, therefore the specific incidences of these diseases could not be presented. Furthermore, a special coinsurance rate was applied for cancer patients in Korea beginning in 2005 (MOHW, 2012) such that cancer patients' pay a 5% coinsurance rate whereas the general coinsurance rate for hospital admission is 20%. Therefore, the accuracy of the diagnosis codes in claims data for cancer patients could be higher than for other diseases. Therefore, the generalization of these results on other diseases could be limited though the diseases that the special rule of coinsurance rate applied have increased. The special coinsurance rate is now applied for patients with cardiovascular disease, cerebral disease, severe burns, and tuberculosis also (MOHW, 2012) .
In conclusion, the cancer incidence rates determined using the KNCIDB registry and NHIC claims data were compared, and the ability to identify disease incidence was nearly identical between the two methods. Consequently, it is plausible that using NHIC claims data with these algorithms could serve as a data sources for estimating the incidence rates of other diseases when considering the cost effectiveness of data collection, though the algorithm may need to be improved. To our knowledge, this is the first study that validating the algorithm to identify the incidence case using NHIC claims data. Developing the reasonable algorithm to identify the epidemiologic parameter of diseases using administrative data is promising and should be encouraged especially in national health insurance countries such as Korea.
